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Abstract 

The status of coupling constant unification in standard supersymmetric SU{5) 
model and its extensions is discussed. Taking into account uncertainties related with 
the initial coupling constants and threshold corrections at the low and high scales we 
find that in standard supersymmetric SU{5) model the scale of the supersymmetry 
breaking could be up to 10^ Gev. In the extensions of standard SU{5) model it is 
possible to increase the supersymmetry breaking scale up to 10^^ Gev. 
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There has recently been renewed interest ||I|-|[T^ in grand unification business related 
with the recent LEP data which allow to measure sin^^Ow) with unprecendented accuracy. 
Namely, the world averages with the LEP data mean that the standard nonsupersymmet- 
ric SU{5) model |TB| is ruled out finally and forever (the fact that the standard SU{5) 



model is in confiict with experiment was well known |T^, before the LEP data) but 
maybe the most striking and impressive lesson from LEP is that the supersymmetric 



extension of the standard SU{5) model |jT6[-|[T^ predicts the Weinberg angle 9^ in very 



good agreement with experiment. The remarkable success of the supersymmetric SU{5) 
model is considered by many physicists as the first hint in favour of the existence of low 
energy broken supersymmetry in nature. A natural question arises: is it possible to in- 
vent nonsupersymmetric generalizations of the standard SU (5) model nonconfronting the 
experimental data or to increase the supersymmetry breaking scale significantly. In the 
SO{10) model the introduction of the intermediate scale Mj ~ lO^^Gev allows to obtain 



the Weinberg angle 9^ in agreement with experiment [|T^. In refs.|2C, 21] it has been 
proposed to cure the problems of the standard SU{5) model by the introduction of the 
additional split multiplets 5 © 5 and 10 ® 10 in the minimal 3(5 © 10) of the SU (5) model. 
In ref. [^] the extension of the standard SU{5) model with light scalar coloured octets 



and electroweak triplets has been proposed. 

In this paper we discuss the coupling constant unification in standard supersymmetric 
SU{5) model and its extensions. Taking into account uncertainties associated with the 
initial gauge coupling constants and threshold corrections at the low and high scales we 
conclude that in standard supersymmetric SU{5) model the scale of the supersymmetry 
breaking could be up to 10^ Gev. We find also that in the extensions of the standard 
SU{5) supersymmetric model it is possible to increase the supersymmetry breaking scale 
up to 10" Gev. 



The standard supersymmetric SU{5) model [0-[|T8] contains three light supermatter 



generations and two light superhiggs doublets. A minimal choice of massive supermul- 
tiplets at the high scale is (3, 2, |) © c.c. massive vector supermultiplet with the mass 
M^, massive chiral supermultiplets (8, 1, 0), (1, 3, 0), (1, 1, 0) with the masses mg, rris, rrii 



(embeded in a 24 supermultiplet of SU{5)) and a (3, 1, — |) © (—3, 1, |) complex Higgs 
supermultiplet with a mass M3 embeded in 5 ® 5 of SU{5). In low energy spectrum 
we have squark and slepton multiplets {u,d)L,UL,d'l,{i',e)L,e'l plus the corresponding 
squarks and sleptons of the second and third supergenerations. Besides in the low energy 
spectrum we have SU{3) octet of gluino with a mass m,g, triplet of SU{2) gaugino with 
a mass and the photino with a mass m^y. For the energies between and Mqut 
we have effective SU{'i) ® SU{2) U{1) gauge theory. In one loop approximation the 



corresponding solutions of the renormalization group equations are well known [|1^]. In 
our paper instead of the prediction of sin^(6'u,) following ref.p we consider the following 
one loop relations between the effective gauge coupling constants, the mass of the vector 
massive supermultiplet My and the mass of the superhiggs triplet M3: 

A = 2(— ^ - -^^) + 3(— ^ - — ^) = A^, (1) 

B = 2(— ^ - — ^) - 3(— ^ - — ^) = A^, (2) 

where 

^A={^){SiA + S2A + S3a), (3) 

Ab = (7^)(5ib + (52b + 53b), (4) 

SiA = 44/n(^) - 4/n(^) - 4/n(^), (5) 
mt rrig rUu, 

5,^ = -U{ln{^) + ln{^)), (6) 

63A = 6/Ti(m(- j)^) - 3/n(m^c ) - Sln^nigi), (7) 

M-i M-i 
5iB = OAln(—) + OAln(—) + 1.6ln(^), (8) 
ruh niH rrish 

525 = 4/n(^)+6/n(^), (9) 

S^sB = -12/n(m(- j)^) + 9ln{muc^) + Qln{mj^c^) - Qln{m(^j:,^g)J + 3ln{mgc^) (10) 

Here ruh, mn and rUsh are the masses of the first light Higgs isodoublet, the second Higgs 
isodoublet and the isodoublet of superhiggses. The relations (1-10) are very convenient 
since they allow to determine separately two key parameters of the high energy spectrum 
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of SU{5) model, the mass of the vector supermultiplet and the mass of the chiral su- 
pertriplet M3. Both the vector supermultiplet and the chiral supertriplet are responsible 
for the proton decay in supersymmetric SU{5) model [|I^. In standard nonsuper symmet- 



ric SU{5) model the proton lifetime due to the massive vector exchange is determined by 
the formula 



In supersymmetric SU{5) model the GUT coupling constant is acuT ~ ^ compared 
to acuT ~ in standard SU{5) model, so we have to multiply the expression (11) by 
factor (H)^. From the current experimental limit T{p — > e^7r°)^^ > 9 • lO^^yr we 
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conclude that > 1.2 • 10 Gev. The corresponding experimental bound on the mass 



of the superhiggs triplet M3 depends on the masses of gaugino and squarks P5| , In 
our calculations we use the following values for the initial coupling constants [^, 

a3(M^) = 0.120 ±0.07, (12) 

sin|^(^^)(M^) = 0.2319 ± 0.0005, (13) 

(«e™,M5(^^))'' = 127.79 ±0.13 (14) 

For the top quark mass nit = 17AGev after the solution of the corresponding renormal- 
ization group equations in the region < E < rrit vfe find that 

A = 184.45 ±0.68 ±0.92, (15) 

S = 13.31 ±0.24 ±0.92 (16) 

Here the first error is the "electroweak" error and the second error is the "strong coupling" 
error. An account of two loop corrections leads to the appearance of the additional factors 

64AAB = 2{ei-es) ±3(61-63), (17) 

0.-^±ln[^] (18) 

Here bij are the two loop (3 function coefficients. Let us start from the expression (1) 
and assume that the masses of the octet supermultiplet and the masses of the triplet 



supermultiplet coincide with the mass of the vector supermutiplet M„. We shall neglect 
the variation of the low energy spectrum (we assume that all the squarks and the sleptons 
have the same mass). Numerically we find that 

M„ = 2.0 • 10i^±°-°^±°-°^Ge^ (19) 

for the MsusY = (^g'^ui)^ = l74:Gev. From the lower bound on the value of the mass of 
the vector bosons responsible for the baryon number nonconservation we find an upper 
bound on the value of the supersymmetry breaking parameter Msusy < 2 ■ lO^Gev. For 
MsusY = 10^ 10^; 10^; 10^ 10^ 10=^; W^Gev we find that = (1.4 • 10^^ 1.8 • 10^^ 3.0 ■ 
10^^ 5.1 ■ 10^^ 10^^ 1.6 ■ 10^^; 2.4 ■ 10^^) x 10^°'°5^°-°^Gev. The uncertainty in the masses of 
the coloured octet mg and electroweak triplet ms leads to the uncertainty ( "^7^ ) ^ for the 
supersymmetry breaking scale Msusv- The uncertainty due to the difference of squark 
and slepton masses is small for the realistic spectrum when the difference in masses is less 
than 3 and we shall neglect it. 



Let us consider now the equation (2). For Msusy = fnt and rrig = "^|™*| m^, 



m 



the assumption that all squark and slepton masses coincide , the masses of the coloured 
octet mg and electroweak triplet are equal to the mass of the vector supermultiplet 
My and the masses of superhiggses and Higgs isodoublets are equal to Mt we find that 

Ms = 6.6 ■ 10i^±°-^^±i °^Get; (20) 

It should be noted that from the nonobservation of the proton decay the bound on the 
mass of the Higgs triplet for Msusy = i^t is [0] M3 > 0(10^^)6*6^. When we increase 



the value of Msusy two scenario are possible. According to the first scenario only the 
single Higgs isodoublet is light with a mass 0{Mz) and the masses of the second Higgs 
isodoublet and superhiggses are of the order of Msusy- In the second scenario the first 
Higgs isodoublet and superhiggses are relatively light with the masses 0{Mz) (or super- 
higgses are slightly heavier with the mass 0{lTev)) and only the second Higgs isodoublet 
is relatively heavy with the mass 0{Msusy)- We have investigated two scenario. In 
our investigation we have used an upper bound M3 < 3My |Q which comes from the 



requirement of the applicapability of the perturbation theory. Taking into account uncer- 
tainties in the determination of the parameter B we have found that in the first scenario 
MsusY < lO^Gev and in the second scenario Msusy < lO^Gev . If we assume that the 
difference between the masses of coloured octets and coloured triplets could be up to fac- 
tor 3 then for ^ = 3 we find that in the first scenario the supersymmetry breaking scale 
could be up to l{fGev. It should be noted that the proton lifetime due to the exchange 
of the Higgs supertriplet is proportional to m^^ (here we assume that nisq ~ Msusy ) and 
it does not contradict to the nonobservation of the proton decay for big Msusy- 

It is instructive to consider the supersymmetric SU{5) model with relatively light 
coloured octet and triplets. For instance, consider the superpotential 

W = Xa{x)[Tr{^\x)) - c^], (21) 

where a{x) is the SU{5) singlet chiral superfield and $(x) is chiral 24-plet in the adjoint 
representation. For the superpotential (21) the coloured octet and electroweak triplet 
chiral superfields remain massless after SU (5) gauge symmetry breaking and they acquire 
the masses 0{Msusy) after the supersymmetry breaking. So in this scenario we have 
additional relatively hght fields. Lower bound on the mass of the vector bosons leads 
to the upper bound on the supersummetry breaking scale Msusy < lO^^Gev In order 
to satisfy the second equation for the mass of the Higgs triplets let us introduce in the 
model two additional superhiggs 5-plets. If we assume that after SU{5) gauge symmetry 
breaking the corresponding Higgs triplets acquire mass 0(Mu) , the light Higgs isodoublet 
has a mass (^(M^) , the second Higgs isodoublet and superhiggses have masses 0{Msusy) 
then we can satisfy the equation (2) for Msusy ~ lO^^Gev. According two other scenario 
playing with relatively light octets and triplets we can increase the grand unification 
scale up to O{10^^)Gev that is welcomed from the point of view of the string unification 
scenario. In this case the supersymmetry breaking scale is Msusy ~ lO^Gev. For such 
value of the supersymmetry breaking scale one can satisfy the equation (2) even without 
the introduction of the additional superhiggs 5-plets. It is possible also to have grand 
unification scale My — 10^'^Gev and Msusy < ITev if octet and triplet are lighter than 
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the vector supermultiplet by factor 100. 

In conclusion let us formulate our main results. We have found that in standard super- 
symmetric SU{5) model with coloured octet and triplet masses 0{Mv) the nonobservation 
of the proton decay leads to the upper bound Msusy < 2 ■ lO^Gev on the supersymmetry 
breaking scale. This bound does not contradict to the equation for the superhiggs triplet 
mass in the second scenario. In the first scenario it is possible to have the supersymmetry 
breaking scale Msusy up to O{10'^)Gev provided that the difference between the coloured 
octet and electroweak triplet masses is ^ = 0(3) . For the case when the octets and 
triplets have the masses O (Msusy) it is possible to increase the supersymmetry breaking 
scale up to O(10^^)G'e^; , however in this case in order to satisfy the equation for the 
superhiggs triplet mass we have to introduce additional relatively light pair of the su- 
perhiggs doublets. It is possible also to increase the value of the grand unification scale 
up to O{10^^)Gev for the case when octets and triplets have the masses 0{Msusy) and 
Msusy = O{10^)Gev without the introduction of the additional light Higgs superdoublets. 
It should be noted that estimate on the supersymmetry breaking scale in supersymmetric 
SU{5) model Msusy = 10^ °='=°-^^°''Gef has been obtained in ref. in the assumption 
that My = M3 = 7723 = mg. Our analysis demonstrates that the value of M^ depends 
rather weekly on the high and low energy uncertainties in the determination of the spec- 
trum and low energy effective coupling constants. In the extraction of the bound on the 
value of Msusy our crusial assumption was the inequality M3 < 3My. The obtained 
bound on the Msusy depends rather strongly on the details of the high energy spectrum 
(on the splitting between octet and triplet masses) and on the initial value of the strong 
coupling constant. It should be noted that for Msusy > 0{l)Tev we have the fine tuning 
problem for the electroweak symmetry breaking scale. 

I am indebted to the collaborators of the INR theoretical department for discussions 
and critical comments. The research described in this publication was made possible in 
part by Grant N6G000 from the International Science Foundation and by Grant 94-02- 
04474-a of the Russian Scientific Foundation. 



7 



References 

[1] U.Amaldi, W.de Boer and H.Furstenau, Phys.Lett.B260( 1991)447. 

[2] J.Ellis, S.Kelley and D.V.Nanopoulos, Phys.Lett. B260(1991)131. 

[3] P.Langacker and M.Luo, Phys.Rev.D44(1991)817. 

[4] G.G.Ross and R.G.Roberts, Nucl.Pliys.B377(1992)571. 

[5] R.Arnowith and P.Nath, Pliys.Rev.Lett.69(1992)725. 

[6] J.Hisano, H.Murayama and T.Yanagida, Pliys.Rev.Lett.69(1992) 1014. 

[7] S.Keley et al, Phys.Lett.B273(1991)423. 

[8] R.Barbieri and L.J.Hall, Phys.Rev.Lett.68(1992)752. 

[9] J.Ellis, S.Keley and D.V.Nanopoulos, Nucl.Pliys.B373(1992)55. 

[10] K.Hagiwara and Y.Yamada, Phys.Rev.Lett. 70(1993)709. 

[11] P.Langacker and N.Polonsky, Phys.Rev.D47(1993)4028. 

[12] V.Barger, M.S.Berger and P.Ohmann, Phys.Rev.D47(1993)1093. 

[13] H.Georgi and S.L.Glashow, Phys.Rev.Lett. 32(1974)438; H.Georgi, H.R.Quinn and 
S.Weinberg, Pliys.Rev.Lett.33(1974)451. 

[14] U.Amaldi et al, Phys.Rev.D36(1987)1385. 

[15] G.Costa et al, Nucl.Phys.B297(1988)244. 

[16] S.Dimopoulos, S.Raby and F.Wilczek, Phys.Rev.D24(1981)1681. 
[17] M.B.Einhorn and D.R.T.Jones, Nucl.Pliys.B196(1982)475. 

[18] For reviews, see: H.P.Nilles, Phys.Rep. 110(1984)1; G.G.Ross, Grand Unified Theo- 
ries (Benjamin, New York 1984); R.N.Mohapatra, Unification and Supersymmetry 
(Springer, New York 1992). 

8 



[19] J.C.Pati, Abdus Salam and J.Strathdee, Nucl.Phys.B185 (1981)445. 
[20] P.H.Frampton and S.L.Glashow, Phys.Lett.B131(1983)340. 
[21] U.Amaldi et al., Phys.Lett.B281(1992)374. 
[22] N.V.Krasnikov, Phys.Lett.B306(1993)283. 

[23] See for instance: W.Marciano, in: Proc. 8th Grand Unification Workshop (Syracuse, 
N.Y., 1987), ed. K.G.Wah, (World Scientific Singapore, 1988) p.l85. 

[24] Particle Data Group, Review of particle properties, Phys.Rev.D50(1994). 

[25] N.Sakai and T.Yanagida, Nucl.Phys.B197(1982)533. 

[26] S.Weinberg, Phys.Rev.d46(1982)287. 

[27] N.V.Krasnikov, Mod.Phys.Lett.A9(1994)2825. 

[28] W. de Boer, Consistency Checks of Grand unified Theories, CERN Preprint, CERN- 
PRE/92-105. 



9 



